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Purulent bronchitis was a distinctive and apparently new lethal
respiratory infection in British and American soldiers during the
First World War. Mortality records suggest that purulent
bronchitis caused localized outbreaks in the midst of a broad
epidemic wave of lethal respiratory illness in 1916-1917. Probable
purulent bronchitis deaths in the Australian Army showed an

epidemic wave that moved from France to England. Purulent
bronchitis may have been the clinical expression of infection with
a novel influenza virus which also could have been a direct
precursor of the 1918 pandemic strain.
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Introduction

The 1918-1919 influenza pandemic is the most lethal natu-
ral disaster in modern history. Insights regarding the events
that preceded the pandemic are important because recur-
rent pandemics are inevitable. Yet, the origin of the pan-
demic is uncertain; and because it occurred prior to the
advent of virology, its precise genesis will likely never be
determined. The recovery of viral nucleic acid from natu-
rally preserved tissues and archived pathologic specimens
enabled definition of the genome of the 1918 A/HINI1
pandemic strain.' The findings of other studies have sug-
gested that the three major lineages of influenza A/HINI
(pandemic, seasonal, and swine) separated prior to 1910. If
s0, precursor viruses to the 1918 pandemic strain likely cir-
culated for years prior to 1918.>

A clinically distinctive, life-threatening acute respiratory
illness termed purulent bronchitis caused large outbreaks
with high case fatality rates among British soldiers at Alder-
shot, England and Etaples, France in 1916-1917.>* In late
1917, a similar illness affected large numbers of US soldiers
who had recently arrived in France; the clinical and patho-
logic characteristics of the illness “were essentially the

same” as those that had been attributed to purulent bron-
chitis.” Contemporaneous and modern authors have sug-
gested that the purulent bronchitis outbreaks of 1916-1917
represented the herald wave of the 1918 pandemic; if so,
the highly pathogenic virus that caused the focal outbreaks
of purulent bronchitis in 1916-1917 evolved transmission
characteristics that enabled its worldwide spread in 1918-
1919.® We reviewed military mortality records and pub-
lished reports regarding purulent bronchitis to assess the
natures, locations, and lethal effects of respiratory illnesses
in the military forces of the British Commonwealth and
the United States prior to 1918.

Methods

The two primary data sources for the analysis were a near
complete digitalized listing of all United Kingdom soldiers
who died during the First World War, 1914-1919, and the
“Debt of Honour Register” of the Commonwealth War
Graves Commission (CWGC) (accessed on 4 January 11 at:
http://www.cwgc.org/debt_of_honour.asp). ° The informa-
tion recorded on the records included name, rank, regi-
mental number, date of death, place of burial, and cause of
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death. Records of non-combat deaths from October 1,
1916—April 30, 1917 of British soldiers with burial locations
in Europe known to the CWGC were collected and
reviewed. Indian and South African soldier deaths could
not be classified by their causes; hence, they are not
included in the analysis. New Zealand soldiers are the sub-
ject of a separate study. Soldiers who died of disease in Bel-
gium/France were typically buried near the medical
facilities where they died; however, soldiers who died in the
UK were eligible for burial in their home towns (subject
to the wishes and at the expense of surviving family
members).

Results

During World War I, the AIF (AIF) and Canadian Expe-
ditionary Force (CEF) were relatively small subsets of the
British Expeditionary Force (BEF) in France. Together,
the Australian and Canadian Armies consisted of more
than 500 000 men who were assigned at various times to
training bases in England, logistics centers in France, and
battlefields in France and Belgium. Deaths because of
pneumonia/influenza were specifically reported in both
the Australian and Canadian Armies. This enabled confir-
mation of the causes of death of interest among nearly all
Australian and most Canadian fatalities during the war.
In both the AIF and CEF, there were dual peaked epi-
demics of lethal respiratory illnesses during the winter
1916-1917 and fall-winter 1918-1919. During both peri-
ods, the epidemics in the CEF and AIF were temporally
closely related (Figure 1A). In contrast, during the 1916—
1917 period, overall mortality was much less in the CEF
than the AIF.

During World War I, there were continuous changes in
the numbers of deployed UK, Australian, and Canadian
soldiers and continuous movements of troops to, from,
and within England, France, and Belgium. Because person-
time at risk in various Armies could not be precisely deter-
mined from the data sources used for the analysis, we
could not calculate absolute values or trends of mortality
rates over time. We did estimate, however, that respiratory
illness-related mortality (at least partly because of purulent
bronchitis) peaked at approximately 0-5 deaths/1000 men/-
month during the 1916-1917 epidemic period and approxi-
mately 2-5 deaths/1000 men/month during the late 1918
pandemic period.

Because of the lack of specificity of cause of death
reporting among United Kingdom (UK) soldiers, respira-
tory illness-specific mortality could not be determined
among them. As a result, mortality trends among UK
soldiers were assessed based on non-combat deaths (all
causes).” Among UK soldiers in England and Bel-
gium/France, numbers of non-combat deaths per week

were approximately twice as high (250-300 during week
ending 17 February 1917) during the winter of 1916-1917
compared with the fall 1916 (approximately 100 non-com-
bat deaths per week). Using the most specific data from
the Australian Army, there was a spatiotemporal trend of
increasing non-combat deaths in late 1916 that started in
France and moved to England before tapering off by April
1917 (Figures 1B and 2).

Discussion

In the early 20th century, purulent bronchitis among Brit-
ish soldiers was described as a febrile respiratory infection
marked by an influenzal prodrome, an unusual “helio-
trope” cyanosis, and a virulent and often lethal clinical
course.”®'® The condition was further defined by post-
mortem findings of patchy pneumonitis with pus that was
expressible from the smaller airways. The earliest reports of
purulent bronchitis as a distinct clinical entity were from
the Canadian Army during the first months of the First
World War in late 1914. A Canadian Army physician
stationed at a military hospital in southern England
described an unspecified number of lethal purulent bron-
chitis cases which he clearly differentiated from lobar pneu-
monia. In his report, he noted that “In long hospital
experience in Canada, I have not seen such virulent cases
in young and robust adults.”'" In a summary of his experi-
ence in 1915-1916, the same physician stated that “No
cases were observed of the extremely severe and sometimes
fatal purulent bronchitis seen during the previous winter in
both England and France.”'?

During the severe winter of 1916-1917, British military
physicians reported outbreaks of purulent bronchitis at a
large logistics base (Etaples) in northern France and a large
training center (Aldershot) in southern England.>*® Both
reports characterized purulent bronchitis as a distinct, life-
threatening clinical entity. Also, both reports considered
“heliotrope cyanosis” a characteristic and distinctive clini-
cal sign of purulent bronchitis and a grave prognostic indi-
cator.”® Several hundred autopsies were conducted during
the outbreaks (total numbers affected during the outbreaks
were not specified). By the end of 1917, purulent bronchitis
had also been seen in US soldiers who had recently arrived
in France.’

By the beginning of 1918, purulent bronchitis had
become an established diagnosis. For example, the diagno-
sis was used to describe post-measles pneumonias among
New Zealand soldiers during the first 3 months of 1918."
More than one-third of the cases died, but it is unclear
whether all of these cases occurring in recruits recently
arrived from New Zealand followed measles infection. This
happened several months prior to the spring-summer 1918
epidemics of low-mortality, influenza-like-illness which are
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Figure 1. (A) Monthly pneumonia/influenza deaths in both the Australian Imperial Force (AIF) and Canadian Expeditionary Force (CEF) in Europe
during 1914-1919. Rates are not shown as it is likely that many pneumonia/influenza deaths in the CEF were only reported as disease and not
specifically pneumonia deaths. (B) Probable ““purulent bronchitis’” deaths in Australian soldiers in England and France by week October 1916-April
1917. Solid line shows deaths in England, and dotted line are deaths in France depicted as a moving 2-week average.

often designated as the first wave of the 1918-1919
pandemic. The first lethal epidemic of respiratory illness
that can be identified confidently as belonging to the “sec-
ond wave” of the 1918-1919 influenza pandemic also
affected New Zealand troops; the affected soldiers encoun-
tered influenza in Freetown, Sierra Leone on the troopship
Tahiti in mid-August 1918."* The military physicians who
examined the sick soldiers from the Tahiti when it arrived
in England diagnosed the disease as purulent bronchitis.
Physicians who published reports regarding both purulent
bronchitis and pandemic influenza thought, in retrospect,
that purulent bronchitis was a clinical subset of the 1918-

1919 influenza pandemic and likely was caused by the same
unknown infectious agent.'>'?

The remaining question then is whether the purulent
bronchitis epidemics described in the British and American
soldiers were caused by a lethal influenza virus that gradu-
ally became more transmissible over several years or
another infectious agent. The epidemiologic characteristics
of the purulent bronchitis epidemics in the winter 1916~
1917 were consistent with those expected from a novel
influenza virus that was adapting to its human hosts.
Although one cannot be certain after >90 years, the distinc-
tive clinical character of purulent bronchitis which many
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Lethal pneumonia cases in Australian Army in 1916-17
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Figure 2. Epidemic map of England and France showing time series because of probable “‘purulent bronchitis” mortality in Australian soldiers

October 1916-April 1917.

experienced clinicians described as being new and the
remarkably lethality in otherwise healthy young adults sug-
gests that the separately classified epidemics of purulent
bronchitis and pandemic influenza were both caused by
HINI influenza with subsequent secondary bacterial pneu-
monia. This hypothesis is supported by the genomic data
indicating that the pandemic influenza HIN1 of 1918-1919
had been circulating in some mammalian host(s) for sev-
eral years prior to the pandemic.” The clinical and epidem-
iologic characteristics of the purulent bronchitis that
caused focal outbreaks in England and France prior to
1918 closely resemble those associated with emerging influ-
enza virus strains.® The finding suggests that the epidemics
of purulent bronchitis among British, Australian, Canadian,
and American forces in England and France prior to 1918
may have been precursors of the 1918-1919 influenza
pandemic.
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